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Amendments to the Specification (other than claims): 

Please replace the specification, apart from the claims, with the following substitute 
specification. 

TITLE OF THE INVENTION 

TOOL PATH DATA GENERATION APPARATUS FOR NC MACHINE TOOL 
AND NUMERICAL CONTROLLER PROVIDED WITH IT 

BACKGROUND OF THE INVENTION 
F i e l d of tho i nvent i on 

Technical Field 

The present invention relates to a-tool—path data generation apparatus for 
apparatuses that automatically q e n e rat i nq qenerate tool—path data i n r el at i on to 
pos i t i on data to , including transfer a too l pathwav and cutting cond i t i ons e tc. of a 
too l i n an parameters, for cutting tools in numerical-control machining centers 
£^NC machine toolsll, and also relates to a-numerical contro ll or controllers 
provided with such tool path data generation apparatusres. 
Description of the ft 4e f Related Art 

As an apparatus for automatically generating tool path data w i th by using 
design data of an object to be cut (hereinafter referred to as a workpiece) being 
created by CAD (Computer Aided Design), a tool path data generation apparatus 
using a CAM (Computer Aided Manufacturing) method has been widely known. 

Design data created by CAD (hereinafter referred to as CAD data) 
comprises geometry data i nd i cat i ng a f i na l shap e for example, coordinate data, 
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formula data, and a d i m e ns i on data on dimension lines — indicating final form and 
dimensions of the workpiece after being cut , for e xamp le , data i n r el at i on to 
coord i nat e s and num e r i ca l formu l as as w ell as d i m e ns i on li n e s, e tc.^ The tool 
path data generation apparatus extracts only workpiece geometry data of tho 
workp ie c e f rom such CAD data, thereafter r e c ei v i ng timely receives data 
necessary to generate tool path data at any t i m e through i nput by an op e rator 
op e rat i ng th e i nput un i t, wh e r ei n such as data to b e r e c ei v e d i nc l ud e s data i n 
r el at i on to on features of the workpiece shap e such as a form — as to whether the 
features will be circular shape, a , rectangular shape, a con i ca l shape, a , round- 
columnar, square p ill ar, a conv e x curv e d surfac e -columnar, protruding contours , 
or a concav e curv e d surfac e , recessed contours — and also data i n r el at i on to on 
cutting methods such as a k i nd type of tool and cutting conditions, through input 
by an operator operating an input unit, and finally g e n e rat i ng generates tool path 
data on the basis of such input data and geometry data extracted from above 
m e nt i on e d the CAD data. 

However, in the above- m e nt i on e d described ordinary tool— path data 
generation apparatus, since data i n re l at i on to on the features of the workpiece 
shape as well as data i n r el at i on to on the cutting methods — both of which are 
necessary to generate tool path data — must be inputted by the operator, i t takes 
a l ong p e r i od to the data input thos e data, wh e r e by i t a l so tak e s anoth e r l ong 
p e r i od to mach i n e th e workp ie c e process is time-consuming, such that machining 
of the workpiece is itself - time-consuming. In addition, it is very difficult to 
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completely prevent art i f i c i a l human-caused input errors, wh e r e by such owing to 
which problems tha tsuch as the workpiece is -turninq out defective or the 
workpiece j ig and the -cutting tool afe- being damaged m i ght happ e n. Thos e can 
occur. Such problems may cause another other, critical problems in such a 
product i on to mak e one art i c le -off (custom) manufacture, for example s, the 
production to mak e of a mold. 

If an expected result cannot be obtained because of a -tool chatter of too l 
and afi-overload ifi -caused by cutting when cr e at i ng an NC cutting program is 
created on the basis of tool path data generated by the tool path data generation 
apparatus and wh e n , to carry out machining by the NC machine tool w i th using 
the above-mentioned NC cutting program, it is necessary to correct the NC 
cutting program after a pursu e of investigating the causes wh i ch may tak e a l ong 
eefio4 , which can be time-consuming , further it is also necessary to trace back to 
an initial cutting stage in the tool path data generation apparatus for executing 
the above-mentioned correction. As a result it takes another long period to re- 
output the NC cutting program, wh e r e bv such that the machine tool has to be 
stopped during such period, consequently productivity is deteriorated. 

In view of the foregoing, it is an object of the invention to provide a tool 
path data generation apparatus which can speedily and securely generate and 
correct tool path data on the basis of CAD data, and also to provide a numerical 
controller provided with such a_tool path data generation apparatus. 
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BRIEF SUMMARY OF THE INVENTION 

In accordance with the invention for achieving the above object, a too l 
path data g e n e rat i on apparatus automat i ca ll y g e n e rat e s too l path data i nc l ud i ng 
data i n re l at i on to pos i t i on data to transfer a too l and cutt i ng ( i nc l ud i ng gr i nd i ng) 
cond i t i ons e tc. of a too l in an NC machine tool, compr i s i ng a tool path data 
generation apparatus for automatically generating tool path data including 
position data on where to transfer a tool and cutting (including grinding) 
conditions for the tool comprises: a feature data extractor for extracting at le ast 
features i n re l at i on to a throe d i mens i ona l shape of a workp i oco ^on the basis of 
CAD-device-created geometry data of th e on a workpiece cr e at e d w i th us i ng 
GAB rto be machined by the machine tool, at least feature data relating to the 
three-dimensional final form of the workpiece; a tool/cutting data storage for 
storing data such as a including cutting-mode and tool information i n accordanc e 
w i th a feature shape, a cutt i ng determined bv the extracted feature data, and 
cutting- speed and a depth- z o f th e z cut i n accordanc e w i th workp ie c e information 
determined bv the material^-eter r of which the workpiece consists; a cutting 
method sott i ng determining unit for sott i ng determining an optimal cutting method 
for each f e atur e shap e of the final-form features of a workpiece, on the basis efof 
the extracted feature data extracted bv the feature and on the basis of the data 
e xtractor b e s i d e s on th e bas i s of i nformat i on stored in the tool/cutting data 
storage , and; a tool path data generator for generating tool path data on the 
basis of the set-cutting methodr determined bv the cutting method determining 
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unit; and a machining information generator for generating, on the basis of the 
cutting method determined bv the cutting method determining unit and on 
information stored in the tool/cutting data storage, machining information 
including tool consumption to machine to final form, estimated time to tool wear- 
out, and estimated time to machine to final form. 

According to the tool path data generation apparatus in relation to the 
present invention, firstly data such as data i n r el at i on to , for example, on 
dimension lines e tc. ^ which is thought to be unnecessary in generating tool path 
data A is removed from workpiece design data of tho workp i oco created w i th bv 
using CAD T ; next, only geometry data necessary to generate tool path data is 
extracted T ; finally., at least features i n r el at i on relating to the three-dimensional 
geometry of the workpiece are extracted from the above-mentioned geometry 
data by the feature data extractor. Here, tbe-features of the workpiece's three- 
dimensional ohapo f inal form mean such g eometric features of the workpiece 
such as a-circular shap e , a , rectangular shap e , a con i ca l shap e , a , round- 
columnar, and square p ill ar, a conv e x curv e d surfac e , or a concav e curv e d 
surface otc. -columnar forms, as well as protruding and recessed contours. 

Next, th e opt i ma l cutt i ng m e thod i s s e t for e ach f e atur e shap e by th e 
cutt i ng method sott i ng un i t on the basis of the extracted feature data oxtractod by 
th e f e atur e data e xtractor as well as information stored in the tool/cutting data 
s to ra g e T the cutting method determining unit determines an optimal cutting 
method for the final-form features. Here, the cutting method includes several 
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cutting modes such as a-contour line cutting, a-scanning line cutting, a-circular 
interpolation, a stra i ght li n e linear interpolation, and a-cutting direction e tc. , and 
also includes a k i nd type of tool, cutting conditions, feed pitch in a repetitive 
cutting of a specific cut cycle, and a-cutting order in each machining area otc. ^ 
Thus, tool path data is automatically and sequentially generated by the tool path 
data generator on the basis of the se tdetermined cutting method. 

As abov e m e nt i on e d described above , in this invention, because an 
operator neither has to input n ei th e r data i n r el at i on to on the f e atur e shap e final- 
form features of the workpiece A nor data i n re l at i on to on the cutting method^, such 
as the kifid -tvpe of tool and the cutting conditions, th e r e for e a p e r i od tak e n the 
time required for anjata input can be completely eliminated, whereby there is 
such an advantage that tool path data can be speedily generated, wh i ch may 
le ad anoth e r advantag e such that th e workp ie c e can b e sp ee d il y cut. leadinq to 
other advantages such as enabling rapid machining of a workpiece. Further, 
since any art i f i c i a l e rror i n an no input—operation n e v e r happ e ns, th e workp ie c e 
^ occasioned human errors can occur, workpieces will be not defective and ± 
now will the jig and th ecutting tool aro not be damaged. Thoso These advantages 
of the present invention may can become even more consp i cuous i n such a 
product i on to mako one art i c l e for examp l e a product i on to make pronounced in 
custom manufacture, such as the production of a mold. 

Here, tool path data in this invention includes all information in the NC 
machine tool necessary to operate it, such as data in relation to position data to 
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transfer a tool, spindle speed, and feed rate i n th e NC mach i n e too l n e c e ssary to 
op e rat e i t , meaning a-basic data to generate an NC cutting program A and motion 
data for the purpose of ^+feet-directly_d riving a servo mechanism f i na l v. afterward. 

In add i t i on, a sott i ng tho further aspect of the invention, determining a 
cutting method in the cutting method s e tt i ng determining unit can be smoothly 
executed when on the mach i n i ng ar e a i s d i v i d e d for e ach basis of feature shap e 
e fdata extracted bv the feature data extractor a workpiece is divided into 
machining areas corresponding to the final-form features so as to effectively 
se tdetermine for each machining area division the optimal cutting method,. 
Therein, the tool path data generator generates tool path data for each d i v i d e d 
machining area on th e bas i s of f e atur e data e xtract e d by th e f e atur e data 
e xtractor. At th i s p e r i od, th e too l path data g e n e rator g e n e rat e s too l path data for 
e ach d i v i d e d mach i n i ng ar e a division on the basis of the cutting m e thod 
se imethods determined by the cutting method sott i ng determining unit. 

Th e too l path data g e n e rat i on apparatus i n r el at i on to th e pr e s e nt 
i nv e nt i on furth e r compr i s e s an i nformat i on g e n e rator According to this aspect of 
the invention, cutting- related to cutt i ng for generat i ng information ro l atod to 
cutt i ng such as a consumpt i on amount of a too l , an e st i mat e d p e r i od tak e n for a 
wear of the too l , and an ost i matod per i od taken necessary f or a -preparatorv work 
on cutting on th e bas i s of th e cutt i ng m e thod s e t by th e cutt i ng m e thod s e tt i ng 
un i t and a l so on th e bas i s of i nformat i on stor e d i n th e too l /cutt i ng data storag e - 
Accord i ng to the present i nvent i on, i nformat i on ro l atod to cutt i ng necessary to 
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s e t up can be obtained, whereby it is possible to easily and speedily execute the 
s e tup o f preparatorv work on cutting by the NC machine tool. An optimal cutting 
hours (a time (during daytime or aduring nighttime) can be appropriately selected 
through an estimation of the cutting period. When it is judged that the cutting will 
be finished fefHn a short period, the cutting operation is done during a-the 
daytime when people is -are in, thereafter it is possible to cut or set up a_next 
workpiece, which can improve productivity. On the other hand, when it is judged 
that it should take a long period for the cutting, it is possible to select a 
unmanned time during the night-timer. Since a-cost needed to complete a 
comp le t i on of th e workpiece can be pr e parat i v el y preparatorilv computed before 
an actua l cutt i ng th e r e o f the workpiece is actually machined, because the 
necessary number of the -cutting tools and a p e r i od tak e n the amount of time for 
the cutt i ng machining operation can be previously d e c i d e d, th e r e for e a 
spoodv determined, rapid estimation of the cost is enabled. 

I t i s b e tt e r to output th e The cutting methods se tdetermined by the above- 



information related to cutting -generated by the information generator related to 
cutting are preferably output as cutting scenarios ow i ng to a by means of a 
further provided cutting scenario output unit. Thus, even when the expected 
result cannot be obtained because of th e tool chatter of too l and the-overload 
ete roccur in the actual cutting, causes relating to those problems can be sp ee d il y 
pursuod rapidlv investigated by making reference to the output cutting scenarios. 




■described cutting method s e tt i ng determined unit and also by 
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The cutting scenarios herein mentioned mean the cutting method and information 
related to cutting as abov e m e nt i on e d. described above. 

Further, there are other preferable embodiments i n r el at i on to th e involving 
ajool path data generation apparatus according to the present invention. In one 
such itret embodiment, the tool path data generated by the tool path data 
generator can b e output w i th b ei ng is converted to th e into an NC cutting program 
ow i ng to bv means of a further provided NC cutting program generator and afrthe 
thus-generated NC cutting program is output externally by means of a further 
provided NC cutting program outputting unit , i n add i t i on . In another such that 
abov e m e nt i on e d embodiment, the tool path data can b e output w i th b ei ng is 
converted into motion data ow i ng to bv means of a further provided motion data 
generator,, and athe thus-generated motion data is output externally bv means of 
a further provided motion data output unit. Thus, the obtained cutting program 
and motion data can be directly inputted into a numerical controller of the NC 
machine tool through an on li n e cutt i ng online, or can be inputted into the 
numerical controller through a recording m e d i a medium such as a floppy disc 
eter. Thus, according to these preferable embodiments of the present invention, 
afi-operability of the NC machine tool can be improved because tool path data 
can be generated without be i ng i ntor l ockod interfacing with the NC machine tool 
or through an , that is, tool path data can be generated off-line cutt i ng.^ Motion 
data herein mentioned means data to directly drive the servo mechanism etc. of 
the NC machine tool. 
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On the other hand, according to the numerical controller m-of the present 
invention, tbea workpiece can be eu imachined by executing generated tool path 
data at wan arbitrary time., or executing i t at the data in real time. Here, the 
present invention relates to tbea numerical controller wh i ch contro l s onf or 
controlling operation of the-an NC machine tool on the basis of tool path data 
including tke-position data on where to transfer a tool and tke-cutting conditions 
ef -for the tool, comprising either ef-the tool path data generation apparatus 
provided with the NC cutting program generator and the NC cutting program 
outputting unit A or tha ithe tool path data generation apparatus provided with the 
motion data generator and the motion data output unit, and further comprising an 
executing unit te -for sequentially e x e cut e executing processes on the basis of 
tool path data generated by the tool path data generator and , so as to control the 
operation of abov e m e nt i on e d the NC machine tool. 

Tb&A numerical controller i n re l at i on to involving the present invention in 
vet a further aspect controls the operation of tbean NC machine tool on the basis 
of tool path data including tke-position data on where to transfer a tool and the 
cutting conditions for the tool, and tho cutt i ng cond i t i ons of tho too l , compr i s i ng 
th ecom prises: a tool path data generation apparatus v as described in the 
foregoing; a cutting scenario storage wh i ch storos for storing the cutting method 
se tmethods determined by the cutting method s e tt i ng determining unit, af ^and 
machining information r el at e d to cutt i ng generated by ih ethe machining 
information generator re l ated to cutt i ng, tho execut i ng un i t wh i ch ; an executing 
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unit for controlling operation of the NC machine tool by sequentially e x e cut e s th e 
executing processes on the basis of tool path data generated by the tool path 
data generator, and r e c ei v e s i nt e rrupt i on s i gna l s for by temporarily stopping the 
processes wh il e rece i ves resum i ng s i gna l s for rosum i ng on receiving interrupt 
signals, and restarting the processes so as to contro l th e op e rat i on of th e NC 



for rewriting the cutting m e thod methods stored in the cutting scenario storage. 

According to the present invention, when the expected result cannot be 
obtained, the cutt i ng machining is temporarily stopped by inputting the 
interruption signals into the executing unit. And after the cutting method stored in 
the cutting scenario storage and/or information related to cutting have been 
appropriately changed through the cutting scenario rewriting unit, tool path data 
is regenerated^ thereafter the cutting can be re-started according to the 
regenerated tool path data. As mentioned above A according to the present 
invention, for changing generated tool path data, the corresponding cutting 
method etc. can be speedily corrected 7 ; therefore a -the series of operations from 
a -the g eneration of tool path data to a -the f inal cutting of the workpiece can be 
executed fejnn a short period. Esp e c i a ll y i n th e product i on to mak e on e art i c le ]n 
particular, in an operation for producing a single article — for example the 
product i on to mak e on e an operation to produce a single mold, an advantage of 
the present invention has an advantag e such is that generated tool path data can 
be promptly corrected to re-start the cutt i ng. machining. 




■on receiving resume signals; and a cutting scenario rewriting unit 



-12- 



App. No. 09/729,434 

Amendment dated February 20, 2007 

Reply to Office action of December 20, 2006 



Furth e r, i n th e num e r i ca l contro lle r i n r el at i on to ln a still further aspect of 
the present invention , the foregoing numerical controller is further provided with a 
tool/cutting data updating unit , know le dg e obta i n e d through abov e m e nt i on e d 
cutt i ng can bo rof l octod on a cont i nu i ng cutt i ng for updating data stored in the 
tool/cutting data storage by referring to data A stored in the cutting scenario 
storage., that has been rewritten as m e nt i on e d abov e and by updat i ng data 
stor e d i n th e too l /cutt i ng data storag e - described earlier, to reflect in a continuous 
machining operation knowledge obtained as described above from machining 
operations. 

In addition, ^ according to the present invention a numerical controller 
embodied as just described may be further provided with a data base output unit T 
data stor e d i n th e too l /cutt i ng data storag e wh i ch has b ee n for outputting 
updated i s pr e f e rab l y output through th e data bas e output un i t. data stored in the 
tool/cutting data storage. Thus, above-mentioned output data is inputted into the 
tool path data generation apparatus provided apart from the numerical controller 
for updating the data-base thereof, consequently the above-mentioned 
knowledge can be effectively reflected eBin the generation and processing of tool 
path data in the tool path data generator. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

Fig. 1 is a block diagram showing main components of a numerical 
controller in accordance with first embodiment of the invention. 
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Fig. 2 is a perspective view showing one example of a- the geometry of a 
workpiece obtained from geometry data in accordance with the first embodiment. 

Fig. 3 is an explanation drawing explaining process contents in a feature 
data extractor in accordance with the first embodiment. 

Fig. 4 is an explanation drawing explaining process contents in a feature 
data extractor in accordance with a_second embodiment. 

Fig. 5 is another explanation drawing explaining process contents in the 
feature data extractor in accordance with the second embodiment. 

Fig. 6 is the other explanation drawing explaining process contents in the 
feature data extractor in accordance with the second embodiment. 

Fig. 7 is an explanation drawing showing one example of data stored in a 
tool/cutting data storage in accordance with the first embodiment. 

Fig. 8 is a block diagram showing main components of a tool path data 
generation apparatus in accordance with the second embodiment of the invention. 
DETAILED DESCRIPTION OF THE INVENTION 

Now, specific embodiments of the invention will herein b el ow be described 
below w ith reference to the accompanying drawings 

Firstly, a_first embodiment of the invention will be described with reference to 
Fig. 1 . Fig. 1 is a block diagram showing main components of a numerical controller 
in accordance with this embodiment. 

As shown in Fig. 1, a numerical controller 1 of this embodiment comprises a 
geometry data generator 4, a feature data extractor 6, a cutting scenario generator 9, 
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a tool/cutting data updating unit 10, a cutting scenario rewriting unit 12, a tool path 
data generator 13, a data generation monitor 15, e ach g e n e rat i on un i t of processing 
sections, which are a motion data generator 17 and an NC cutting program 
generator 19, a CAD data storage 3, a geometry data storage 5, a feature data 
storage 7, a tool/cutting data storage 8, a cutting scenario storage 1 1 , a tool path 
data storage 14, an evasion data storage 16, e ach stor i ng un i t of storage sections, 
which are a motion data storage 18 and an NC cutting program storage 20, an 
input/output interface 21 , and an input unit 22 and an output unit 23 connected to the 
input/output interface 21, all of which are mutually connected to each other through a 
bus line 2. In addition, e ach operation ufn tunits of an NC machine tool as an external 
apparatus is -are connected to the input/output interface 21 . 

The CAD data storage 3 is a functioning unit to store CAD data in relation to 
the workpiece, wherein such CAD data is inputted through an on-line proc e ss i ng 
process or through a recording mod i a medium such as a floppy disc from the input 
unit 22. Above-mentioned CAD data is usually created with-bv using an apparatus 
provided apart from the numerical controller 1 of this embodiment, i nc l ud i ng and 
includes design data indicating a final shape and a dimension of the workpiece- — for 
example coordinates data and numerical formula data in relation to the workpiece 
shape as well as data of a finished surface precision, workpiece material and 
workpiece shape. Here, such CAD data usually includes data unnecessary to 
generate tool path data, for example data i n r el at i on to on dimension lines e tc.^ . 
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The geometry data generator 4 is a process unit which removes from CAD 
data stored in the CAD data storage 3 the above- m e nt i on e d data i n r el at i on to 
ttre -described data on dimension lines e tc. unnecessary to generate tool path 
data from CAD data stored i n tho CAD data storage 3 , extracting only data 
necessary to generate tool path data. Geometry data extracted by the geometry 
data generator 4 is stored in the geometry data storage 5. One example of the 
geometry of the workpiece w ill b e is shown in Fig. 2 -in a visual manner on the 
basis of geometry data stored in the geometry data storage 5. As shown in Fig. 
2, a workpiece 30 has a wavy curved area 31 (a free curved surface), and a 
convex area (a quadrangular pyramid body) 32 and a concave area 33 both of 
which are formed on the wavy curved area 31 . 

The feature data extractor 6 is another process unit which recognizes-a 
sp e c i f i c mach i n i ng ar e a i n an ar e a d e c i d e d^ on the basis of geometry data stored 
in the geometry data storage 5, a specific machining area (in which a workpiece 
is machined) in a site determined according to the geometry data, then e xtract i ng 
extracts f eatures in relation to a -the three-dimensional geometry of the workpiece 
within above-mentioned recognized machining area. An extraction and 
processing of the features comprises two processesr^one is- being a simple 
geometry extraction that is a comparatively simple process so as to extract 
comparatively simple geometric elements.,, for example a con i ca l shap e round- or 
a-square p ill ar shap e e tc. o f -columnar on the workpiece., which can be directly 
extracted from geometry data within above mont i onod the recognized machining 
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area T ; the other i s an being a free-form surface extraction of a f e atur e shap e of a 
fr ee curv e d surfac e that , which is a li tt le b i t somewhat complicated process so as 
to e xtract th e in which , for a free curv e d -form surface e tc. wh i ch that cannot be 
directly extracted from the g eometry data w i th i n samo , the feature shape in the 
machining area - is extracted. 

The extraction of the feature shap e geometry of the free curved surface 
will be herein b el ow described below in detail. In this embodiment, such 
extraction is executed w i th by using a pattern projection method. Th eln the 
extraction which uses above mont i onod the pattern projection method i s to 
proj e ct , a virtual image formed of small triangles is projected on the surface of 
the workpiece obtained from abov e m e nt i on e d the geometry data A as shown in 
Fig. 3, thereafter d e c i d i ng a norma l on normals are determined to each small 
triangle which has been imaged on the surface of the workpiece, and analyzing a 
the direction of each normal so as to extract the geometric feature of the 
workpiece as a result. Fig. 3 indicates a condition when the virtual image is 
projected on the workpiece 30 as shown in Fig. 2. 

For example, as shown in Fig. 4, i n an aroa 34 of a c i rcu l ar truncated cono 
shap e , e ach norma l 35 of sam e ar e a i s spr e ad i n a rad i a l mann e r w i thout 
cross i ng w i th each othor. 4, in a frustum-shaped geometric feature 34, the 
normals 35 to the geometric feature 34 spread radially without intersecting. As 
shown in Fig. 5, in an ar e a a geometric feature 36 having a vertical p l an e , e ach 
norma l face, the normals 37 of samo aroa i s prov i ded in a -the geometric area 36 
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parallel mann e r. each other. As shown in Fig. 6, in afi -a geometric area 38 having 
a slant , e ach norma l ed face, the normals 39 of sam e ar e a has a sp e c i f i c in the 
geometric feature 38 have a given angle. Wh e n an ar e a has a concav e shap e 
(not shown), oach norma l of samo aroa crosses w i th oach othor. ln instances of a 
recessed/hollowed geometry (not shown), the normals intersect. Thus, the 
feature shap e geometrv of the workpiece can be decided by analyzing the 
direction of the normal^ In th e e xtract i on of extracting the feature shap e of th e 
geometry of a f ree curved surface, the feature shap e geometrv is extracted 
through above- mont i onod described method. Thereafter, feature data (area data 
and data in relation to the feature shap e geometrv ) which has been extracted 
through above- m e nt i on e d described method is stored in the feature data storage 
7. 

The tool/cutting data storage 8 is a section f unctioning tmlt-to store tool 
information and cutting information , concroto l v to sav, stor i ng a cutt i ng 
specifically, to store, according to each feature geometry, machining mode 
accord i ng to e ach f e atur e shap e (for e xamp le a (such categories as contour line 
cutting, a-scanning line cutting, a stra i ght li no linear interpolation, a-circular 
interpolation, and a k i nd of e vas i on cours e of "air cut-eter " (empty-travel) evading 
process ), a k i nd type of tool ( typos model , material etc.), tool information such as 
a diameter of tool e tc. , a cutting speed set determined for e ach k i nd of too l i n 
accordanc e w i th the type of tool, depending on the material of the workpiece, 
and data i n re l at i on to a cutt i ng amount and an on depth-of-cut and a cutting 
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allowance for cutt i ng e tc.^ . Here, one example of data stored in the tool/cutting 
data storage 8 is shown in Fig. 7. 

The cutting scenario generator 9 executes two processes T ; one is -beinq to 
decide an optimal cutting method on the basis of data stored in the tool/cutting 
data storage 8 A and also on the basis of feature data stored in the feature data 
storage 7 7 ; the other Is -beinq to generate information related to cutting on the 
basis of the decided cutting method. A s e tt i ng and proc e ss i ng of th e The cutting 
method i s to s e arch determining process is for searching the tool/cutting data 
storage 8 on the basis of feature data for sott i ng an to determine the optimal 
cutting mode, aft-optimal kiftd -type of tool to b e us e d use , and aft-optimal cutting 
cond i t i on e tc. conditions for each machining area, for e ach mach i n i ng ar e a, 
s e tt i ng a determining the feed pitch based upon f i n i sh e d final surface roughness 
of athe finished surfac e e tc . surfaces of the workpiece when a r e p e t i t i v e cutt i ng i s 
requested i n cutting is carried out bv repeating a specified processing cycle, eft 
th e oth e r hand, cont i nuous l y cutt i ng mach i n i ng ar e a as many as poss i b le and, 
when a common tool should be is used in many mach i n i ng ar e a, thus d e c i d i ng a 
cutt i ng ordor for oach plurality of machining area w i th cons i der i ng a areas, for 
allowing the plurality of machining areas to be machined as continuously as 
possible, thus for deciding order of cutting for machining areas in consideration 
of cutting efficiency. Here, the setting and processing of the cutting method can 
be much more easily and speedily executed when the machining area is further 
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divided into a plurality of small ar e a areas in accordance with the feature shape A 
then above-mentioned cutting method is se tdetermined for each small area. 

A -The generation and processing of information related to cutting is te 
qonorato for generating information in relation to the cutting { -operation 
(machining information r el at e d to cutt i ng) such as a ) including tool consumption 
amount of a to machine to final form, estimated time to tool , a p e r i od tak e n for 
th e too l to r e ach a wear li m i t th e r e of ( e st i mat i on), -out, tool set-up data of th e 
too l , a p e r i od tak e n for pr e par i ng for th e cutt i ng ( e st i mat i on), a p e r i od tak e n A 
estimated time to prepare for the cutting (ost i mat i on), and a cutt i ng operation, 
estimated time the cutting operation will take, and estimated machining cost 
( e st i mat i on) e tc.^ Thus, d e c i d e d determined cutting method and information 
related to the cutting operation are both stored in the cutting scenario storage 1 1 
as cutting scenarios. 

In the numerical controller 1 in accordance with this embodiment, a 
process in the tool path data generator 13 is executed after each process has 
b ee n s e qu e nt i a ll y e x e cut e d in the feature data extractor 6 as well as in the 
cutting scenario generator 9t has been sequentially executed. 

The tool path data generator 13 is a process unit te- for sequentially 
gonorato generating tool path data including position data on where to transfer a 
tool, spindle speed, and the tool feed rates of th e too l f or e ach machining 
ar e a areas according to the se tdetermined cutting order on the basis of the 
cutting scenario espec i a ll y , in particular, the cutting method stored in the cutting 
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scenario storage 1 1 . Here, generated tool path data is transmitted to the tool 
path data storage 14 and the data generation monitor 15 in ord e r. seauence. The 
tool path data storage 14 is a section functioning un i t to store received tool path 
data in ordor seauence , storing all tool path data generated by the tool path data 
generator 13. The data generation monitor 15 is a process unit te -for temporarily 
kee ^holding received tool path data A then transm i t transmitting it to the motion 
data generator 17 in accordance with a transmission request therefrom. 

The motion data generator 17 is a process unit to g e n e rat e for generating 
motion data for directly driving a servo mechanism provided in the NC machine 
tool, generating motion data on the basis of received tool path data, outputting 
generated motion data to afnoperation wii units 24 of the NC machine tool 
through the input/output interface 21, and transmitting such motion data to the 
motion data storage 18. The motion data storage 18 stores all motion data 
generated by the motion data generator 17, while each operation unit 24 of the 
NC machine tool is driven on the basis of received motion data, whereby the 
workpiece is eutr machined. Here, the motion data generator 17 plays a -the role 
as^of an executing unit as set forth in claim 7. 

As abov e m e nt i on e d set forth above , in the numerical controller 1 in 
accordance with this embodiment, a-generation of tool path data and a cutt i ng of 
the -machining of a w orkpiece can be executed and processed at-in real time. 

The data generation monitor 15 monitors afrthe amount of data b ei ng k e pt, 
concroto l y to say, transm i tt i ng data being held, and in particular, transmits data 
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in accordance with tbe-a_request from the motion data generator 17 as described 
above when the amount of data being k e pt held surpasses a specified valuer on 
the other hand, transm i tt i ng the data generation monitor 15 transmits a process 
stopp i ng ordor -haltinq command to the motion data generator 1 7 when the 
amount of data being kee theld becomes less than abov e m e nt i on e d the specified 
value, then obta i n i ng obtains information in relation to an evading operation from 
the evasion data storage 16 , th e r e aft e r g e n e rat i ng . The data generation monitor 
15 then generates tool path data to make the tool evaded from a cutting position.,, 
and transm i tt i ng transmits such data to the motion data generator 17, wh il e 
obta i n i ng and meanwhile obtains information in relation to a comeback operation 
from the evasion data storage 16 when the amount of data being kept again rises 
above the specified value, and thereafter g e n e rat i ng generates tool path data to 
make the tool com e come back to the original cutting position and transm i tt i ng^ 
and transmits such data to the motion data generator 17. In the motion data 
generator 17, motion data in accordance with tool path data is generated, while 
the NC machine tool executes the above- m e nt i on e d described evading operation. 

Since it takes a per i od time to generate tool path data for a liWe 
kfeomewhat complicated geometry such as a free curv e d form surface e tc. , it 
might happen during a real-time process i ng process that tool path data for the 
next operation has not been generated e v e n though a , despite completion of a 
pr e s e nt current operation. In this case, trouble such an i nconv e n ie nc e m i ght 
happen that a as cutter mark cou l d bo marked on the marks marring a workpiece 
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because the tool substant i a ll y contacts w i th th e workp ie c e for a l ong p e r i od, is in 
prolonged contact with the workpiece could occur; however, such 
prob le m problems can be effectively evaded through abov e m e nt i on e d e vad i ng 
operat i on. Horo, the above-described evading operation . Here, the evading 
operation data (afi -the evading operation pattern) in accordance with the cutting 
mode has been previously stored in the evasion data storage 16 through the 
input unit 22. 

The data generation monitor 15 transmits a_process stopp i ng ord e rs - 
halting command to the tool path data generator 13 and the motion data 
generator 17 for halting their processes w hen an interruption signal is inputted 
from the input unit 22 for stopp i ng th e proc e ss e s, on th e oth e r hand, transm i tt i ng ; 
meanwhile, the data generation monitor 15 transmits process re-starting orders 
to the tool path data generator 13 and the motion data generator 17 when a re- 
start signal is inputted for re-starting the processes. 

An operator might judge through a-monitoring that it is possible to machine 
the workpiece at higher cutting speed than that b ei ng pr e v i ous l y s e t i n th e having 
been determined in advance bv the cutting scenario generator 9 and also that it 
is possible to make a -the feed rate faster, or the operator might judge oppositely 
based upon his experience. Further, he might judge that depth of cut in the 
direction of a -the tool axis as well as in the direction of a- the tool diameter of teeJ- 
should be changed. At th i s t i m e ln such instances , the operator inputs the 
i ntorrupt i on an interrupt signal from through the input unit 22, whorobv w hich 
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enables a process in the data generation monitor 15 to change the cutting speed, 
the feed rate, and the depth of cut can b e chang e d by th e data g e n e rat i on 
mon i tor 15.^ 

As above mont i onod explained above , the data generation monitor 15 
stops the processes in the tool path data generator 13 and the motion data 
generator 17 when the interruption signal is inputted, making possible a r e wr i t e 
rewriting of the cutting scenario stored in the cutting scenario storage 1 1 , wh ile 
transm i tt i ng and meanwhile transmits the re-starting ord e rs command to the tool 
path data generator 13 and the motion data generator 17 when the re-start signal 
is inputted after data has been rewritten, thereafter re-starting the processes. 
Thus, following cutt i ngs cutting operations are all executed under a- the rewritten 
cutting conditions. The foregoing description h e r ei nb e for e m e nt i on e d is te 
chang e for changing the cutting condition during the execution of tbea cutting 
process. At th i s t i me, tho cutt i ng operation. Therein, the cutting operation can be 
returned to its initial stage then re-started under the chang e d cond i t i on. altered 
conditions. 

The correction of the cutting scenario as above mentioned is executed by 
the cutting scenario rewriting unit 12, wherein the cutting scenario rewriting unit 
12 receives the input data from the input unit 22 then , and then rewrites data 
stored in the cutting scenario storage 1 1 i s r e wr i tt e n . The output unit 23 is 
composed of a display apparatus, a printing apparatus, and an apparatus to 
store data in a recording mod i a medium such as a floppy disc otc, i nd i cat i ng 
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eaeh -, for whereby the output unit 23 display apparatus displays data stored in 
the CAD data storage 3, in_the geometry data storage 5, in_the feature data 
storage 7, in the tool/cutting data storage 8, in the cutting scenario storage 1 1 , in 
the tool path data storage 14, in_the evasion data storage 16, and injhe motion 
data storage 18 by th e d i sp l ay apparatus, wh ile pr i nt i ng such data by th e pr i nt i ng 
apparatus, stor i ng i t i n , the output unit 23 printing apparatus prints the data , and 
the output unit 23 store the data onto the recording m e d i a such as th e f l oppy d i sc 
e tc. Th e r e for e , th e medium. Thus, an operator can indicate on the display 
apparatus a cutting scenario stored in the cutting scenario storage 1 1 on tho 
d i sp l ay apparatus , or can actually perform the above- m e nt i on e d described 
correction of the cutting scenario after the analysis of same -the scenario through 
a print-out. Here, the output unit 23 plays a ro le as the roles of a cutting scenario 
output unit as set forth in claim 4, a motion data output unit as set forth in claim 
6, and a database output unit as set forth in claim 10. 

When data stored in the cutting scenario storage 1 1 is rewritten, data 
stored in the tool/cutting data storage 8 is updated by the tool/cutting data 
updating unit 10. That is to say, the tool/cutting data updating unit 10 refers to 
data stored in the cutting scenario storage 11 which has been rewritten, 
thereafter updating corresponding data stored in the tool/cutting data storage 8. 
Knowledge obtained through afi-actual cutt i ng machining operations can be 
reflected on a fo ll ow i ng cutt i ng ow i ng to abov e m e nt i on e d in subsequent 
machining operations bv means of the data updating function , wh i ch moans that 
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explained above, enabling a NC machining center embodying a tool path data 
generation apparatus according to the present invention to acquire a learning 
function can b e acqu i r e d through th e actua l cutt i ng. through the machining 
operations the center actually carries out. 

In this embodiment, the NC cutting program generator 19 is provided to 
generate an NC cutting program from tool path data which has been generated 
as mentioned above. The NC cutting program generator 19 is a process unit te 
g e n e rat e a for generating generally used NC cutting program programs (for 
example A ISO formats) on the basis of tool path data stored in the tool path data 
storage 14, wherein the generated NC cutting program is stored in the NC cutting 
program storage 20. Th e output un i t 23 a l so i nd i cat e s displavs In turn, data 
stored in the NC cutting program storage 20 is displayed bv the output unit 23 on 
ttieits display apparatus, pr i nt i ng printed out such data by theits printing 
apparatus, stor i ng ouch data and stored in the -a suitable recording med i a such as 
th e f l oppy d i sc e tc. Th e r e for e , th e medium. The generated NC cutting program is 
thus stored in tbea recording m e d i a through wh i ch medium, whereby the NC 
cutting program will be able to be executed in another NC machine tool. Here, 
the output unit 23 also p l avs a ro le as functions in the capacity of a program 
output unit as set forth in claim 5. 

As described above, according to the numerical controller 1 in accordance 
with this embodiment, the operator has to input neither data in relation to the 
feature shape of the workpiece nor data in relation to the cutting method such as 



-26- 



App. No. 09/729,434 

Amendment dated February 20, 2007 

Reply to Office action of December 20, 2006 



the kind of tool and the cutting conditions thereof, therefore a p e r i od tak e n for 
athe time required for data input can be completely eliminated, wh e r e by th e r e i s 
such an yielding the advantage that tool path data can be speedily generated, 
wh i ch may l oad anothor in turn leading to the advantage such that the workpiece 
can be speedily cut. Further, since any art i f i c i a l e rror i n an no human-caused, 
input— operation n e v e r happ e ns errors can ever occur , the workp ie c e i s machined 
workpieces are free of defects and the too l i s not cutting tools are kept from 
being damaged. Thos e These advantages of the present invention may can 
become even more consp i cuous i n such a pronounced in custom manufacture, 
for example, the production to mak e on e art i c le for e xamp leof a product i on to 
mak e on e mold . 

There is further advantage that a corresponding correction can be speedily 
and appropriately applied to generated tool path data which has some points to 
be improved or defects, because such generated tool path data is executed at-in 
real-time and aits cutting cond i t i on th e r e o f conditions can be changed during a 
cutt i ng proc e ss. the machining operation. As a result, a -the series of operations 
from athe generation of tool path data to a- the final cutting of the workpiece can 
be completed fe^in a short period. I n abov e m e nt i on e d product i on to mak e on e 
art i c l e for examp l e tho product i on to make ono A n advantage with mold , thoro 
fabrication or other custom manufacturing is such an advantag e that the 
cutt i ng machining can be spontan e ous ! v im mediately re-started through a 
correction of the generated tool path data. 
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Next, a_second embodiment of the invention will be described with reference 
to Fig. 8. Fig. 8 is a block diagram showing main components of the tool path data 
generation apparatus in accordance with the second embodiment. 

As shown in Fig. 8, a tool path data generation apparatus 41 is provided 
apart separate from the NC machine tool, having a different construction from that of 
the numerical controller 1 i n r el at i on to involving the f irst embodiment i n such a po i nt 
that i t do e sn't , in that the tool path data generation apparatus 41 does not comprise 
the numerical controller 1, the tool/cutting data updating unit 10, the cutting scenario 
rewriting unit 12, the data generation monitor 15, and the evasion data storage 16-ae 
w ell as i n such a po i nt that i t i sn't , and in that the tool path data generation 
apparatus 41 is not connected to e ach the operation w ttunits 24 of the NC machine 
tool. Hence, since components of the tool path data generation apparatus 41 in 
accordance with this embodiment are all included in the components of the 
numerical controller 1 , the same codos reference marks are given to the same 
components in the tool path data generation apparatus 41 as those in the too l path 
data g e n e rat i on apparatus numerical controller 1 w i th om i tt i ng . and a d eta i I ed 
exp l anat i ons thoroof. explanation of those like components are herein omitted. 

According to the tool path data generation apparatus 41 in accordance with 
this embodiment, a generated NC cutting program is directly transmitted to the 
externally provided numerical controller of the NC machine tool or is inputted into the 
numerical controller of the NC machine tool aft e r abov e m e nt i on e d NC cutt i ng 
program has boon once the above-described NC cutting program has been stored in 
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a suitable recording m e d i a such as a f l oppy d i sc e tc. medium. Thereafter, the cutting 
program is executed in the NC machine tool to cut the workpiece. 

As m e nt i on e d described above, the tool path data generation apparatus 41 in 
accordance with this embodiment is provided opart separate from the NC machine 
tool, and is thus provided such that it operates without i nt e r l ock i nq interfacinq with the 
NC machine tool, whereby tool path data can be generated irrespective of afw-the 
operating condition of the NC machine tool. Therefore, afi-operability of the NC 
machine tool can be improved. 

Here, if the numerical controller comprises at least the cutting scenario 
storage 1 1 , the tool path data generator 13, the motion data generator 17, the 
input/output interface 21, and the input unit 22, the cutting scenario generated by the 
tool path data generator 41 in accordance with second embodiment is directly 
transmitted to the numerical controller through an on-line processitt§ or is inputted 
into the numerical controller after tho cutt i ng sconar i o has boon once the cutting 
scenario has been stored in the recording m e d i a such as th e f l oppy d i sc 
eter rmedium, and thereafter tool path data and motion data are generated in 
ordo r seauence by the numerical controller so as to be processed. Horo, tho cutt i ng 
sc e nar i o do e sn't hav e a l arg e capac i ty not li k e th e NC cutt i ng program but mor e jt 
will be appreciated that the cutting scenario, unlike immense-volume NC machining 
programs, is of compact volume , therefore the cutting scenario can be transmitted 
from the tool path data generator 41 to the numerical controller through an on li n e 
process i ng and processed at online to enable real -time machining at any time. 
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On the other hand, in the numerical controller 1 in accordance with first 
embodiment, the cutting scenario is outputted from the numerical controller 1 and 
then is inputted into the tool path data generator 41, whereby tool path data can be 
generated by the tool path data generator 41 wrth-by using the inputted cutting 
scenario. Further, if the tool path data generator 41 is provided with the cutting 
scenario rewriting unit 12 just like in the numerical controller 1, the cutting scenario 
of the second embodiment can be appropriately corrected by the tool path data 
generator 41 at any time. On th e oth e r hand, Meanwhile, if the tool path data 
generator 41 is provided with the tool/cutting data rewriting unit 10, data stored in the 
tool/cutting data storage 8 can be automatically updated. Thus, the operability of the 
NC machine tool can be effectively improved through an off-line processing owing to 
such which an advantage isjhat tool path data can be generated by both ef-the 
numerical controller and the tool path data generato r w i th using the cutting scenario. 
In addition, i t i s a l so poss i b l e to gonorato the cutting scenario can be generated bv 
tracing back through a trac e back of the NC cutting program so as to generate 
geometry data. This process should be executed when CAD data itself must be 
corrected to ewtmachine the workpiece to an oxpoctod according to a desired 
geometry. 

While certain present preferred embodiments of the invention have been 
described, and it is to be distinctly understood that the invention is not limited thereto 
but may be otherwise variously embodied within the scope of the following claims. 
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